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This m ap is a derivative m ap c rea ted from  geologic  m a ppin g of the Whitewater Quadra n gle, CGS open -file report #14-09
(White an d others, 2014).  The followin g hazards have b een  either m apped or iden tified:  roc kfall, lan dslides, a n d
prob lem atic  soils an d b edroc k tha t have the poten tial to swell (expan d) or sub side (c ollapse or settle).  M ore in -depth
disc ussion  of the followin g hazards c a n  b e foun d in  the Authors Notes of the geologic  m ap.

Roc kfa ll ha zards oc c ur b elow the c liffs of the Gun n ison  River, East Creek, an d Kan n a h Creek c a n yon  rim s, as well a s
som e of the sm aller c a n yon s n ea r Ban gs Ca n yon .  M ost of the roc kfall hazard loc ation s oc c ur on  pub lic  property within
the BLM  Dom in guez-Esc a la n te Na tion al Con servation  Area an d a re n ot shown  on  this derivative m ap.  However, the
pub lic  is exposed a lon g State Highway 141 a n d private lan dholdin gs n ea r the Ea st Creek c on fluen c e a n d in  the lower
Kan n ah Creek/In dia n  Creek area.  M a n y sec tion s of the ra ilroad trac ks through Gun n ison  Can yon  are a lso exposed to
poten tial roc kfall haza rds.

La n dslides form  in  two gen eral geom orphic  c on dition s.  The m ost exten sively form ed a re very large an c ien t lan dslide
c om plexes within  the c a n yon s of the Gun n ison  River a n d Ea st, Ban gs, a n d Ka n n ah Creeks.  There, the weak c layston es
of the M orrison  Form ation  are exposed b elow the rim  roc ks an d have failed, c ausin g retrogressive topplin g a n d slum pin g
failures of the Dakota  Sa n dston e a n d Burro Ca n yon  Form ation  c ap roc k.  For the m ost part, these lan dslides a re a n c ien t,
ac tiva ted when  c lim a tic  c on dition s were wetter durin g Pleistoc en e gla c ial epoc hs.  The b roadest lan dslide c om plexes a re
on  the west c a n yon sides where down c uttin g in to the U n c om pa hgre U plift has daylighted n ortheast-dippin g b eddin g
plan es.  For the future, the existin g c haotic  lan dslide rub b le an d sheared b roken  lan d is n ow even  further wea ken ed an d
pron e to a ddition a l m ovem en ts if they b ec om e saturated.  There a re reac tivated areas of m ore rec en t lan dslides within
these lan dslide c om plexes an d loose m aterial within  drain age c ha n n els m ay b e en train ed in to deb ris flows.  Fortun ately,
im pac ts to private property are m in im al b ec ause m ost of these la n dslides lie on  pub lic  lan ds.  State Highwa y 141 lies
m ostly on  lan dslide deposits from  ab out 1½ m iles a b ove the Gun n ison  River c on fluen c e where the M orrison  Form ation
b egin s its exposure a lon g the c a n yon  floor.  There is som e private lan d exposure to this type of lan dslides in  the lower
Kan n ah Creek, n ear its c on fluen c e with the Gun n ison  River.

The sec on d system  is m uc h sm a ller in  area b ut m ore im portan t sin c e it lies on  m ostly private property.  Sm aller lan dslides
an d soil slips oc c ur n ear Kan n ah Creek a lon g m esa b luffs where Pleistoc en e gravel (Qak) c a ps high terrac e rem n a n ts that
are un derlain  b y M a n c os Shale.  The gra vel is perm ea b le so wa ter passes easily down ward to the c on tac t with the
relatively im perm ea b le shale.  The perc hed groun dwater m igrates laterally to the m esa edge form in g seeps in  the slope.
If the M a n c os is suffic ien tly weaken ed an d sa turated, it shears an d slips, form in g sm a ll la n dslides.  These types of
la n dslides are very c om m on  alon g the U n c om pa hgre River valley where exten sive irrigation  oc c urs on  m esas un derla in
b y the M a n c os Shale (White an d others, 2011).  New developm en t should avoid the m esa edges where the un derlyin g
b edroc k is the M a n c os Sha le.

Prob lem atic  soils a n d b edroc k c on tain  properties that c ause volum etric  c ha n ges, gen erally when  they b ec om e wetted
b eyon d their origin al n atura l c on dition .  There a re two b a sic  m ec ha n ism s:  Swellin g or expa n sive soil an d b edroc k, a n d
c om pa c tive (c ollapsib le) or settlin g soil an d b edroc k.  Prob lem a tic  soils derived from  shale b edroc k c a n  also b e c orrosive
to c ertain  m etals a n d c on c rete.  Sub surfac e soil in vestigation s are rec om m en ded for foun da tion  design  of n ew
c on struc tion  in  prob lem a tic  soil areas.  These in vestiga tion s should in c lude sa m plin g an d swell/c on solidation s testin g tha t
m ea sure the swell or c ollapse poten tial of the load-b earin g soils, as well has a ddressin g the c orrosive n ature of the soil.

Swelling Soils

Swellin g soil a n d expan sive b edroc k a re: soil an d roc k tha t c on ta in  c la y m in era ls that attrac t a n d ab sorb  water (Rogers
an d others, 1974).  The roc k or soil swells in  volum e when  wet an d shrin ks when  dry.  The swellin g is c aused b y the
c hem ic al a ttra c tion  of water to c ertain  c lay m in era ls, predom in a n tly sm ec tite a n d, to a lesser exten t, illite.  At the
m olec ular level, c la y m in era ls form  m ic ron -sized sheets or pla tes.  Within  the c rystallin e la ttic e of these c lay m in era ls,
la yers of wa ter m olec ules have an  affin ity to b e in c orpora ted b etween  the c lay pla tes.  As m ore water is m ade a va ila b le to
the c lay, m ore layers of water m olec ules a re added b etween  the plates an d the adja c en t c la y plates are pushed farther
apart.  The overall soil-swell pressure from  the addition  of water at the m olec ular level c a n  b e quite high an d c a n  easily
heave typic a l foun dation s a n d sla b s, resultin g in  severely dam aged struc tures (Noe, 2007).

The swellin g of expan sive-c lay soil is a  m in era logic a l phen om en on  as availa b le water is ta ken  in  an d c lay partic les swell.
Expa n sive soils c a n  also shrin k when  desic c a tion  oc c urs an d the soil volum e reduc es as eva poration  pulls water
m olec ules out of the c lay partic les.  The term s swellin g soil, expan sive soil an d b edroc k, heavin g soil, an d shrin k-swell
soils are used in terc ha n gea b ly to desc rib e the m in era logic a l volum e expa n sion  proc ess desc rib ed ab ove.  V ery
c om m on ly, repeated shrin k-swell c yc les in  surfa c e exposures of expa n sive-c lay soil results in  desic c a tion  c rac ks a n d what
is c alled “popc orn  texture” c om m on ly seen  in  the M a n c os ab ode hills (White a n d others, 2011).

The m ajor b edroc k un its tha t c on tain  expa n sive c lay m in erals in  the projec t area are the M a n c os Shale an d sha les of the
M orrison  Form ation .  M ost of the private property in  the n ortheast c orn er of the m a p a rea  n ear Whitewa ter an d Kan n ah
Creek is un derlain  b y M a n c os Shale, or sedim en t (soils) that a re derived from  it so there is highly prob a b ility that
swellin g c la y m in erals a re presen t.  Shales of the M orrison  Form ation  a re of lesser c on c ern  b ec a use they la y m ostly on
pub lic  lan ds of the BLM  Dom in guez-Esc ala n te Na tion al Con servation  Area, exc ept for priva te lan ds in -holdin gs within
Kan n ah Creek c a n yon  n ear the c on fluen c e with the Gun n ison .

Settling or collapsible soils and bedrock

Colla psib le soils are b roa dly defin ed a s soils that c a n  rapidly settle when  exposed to water.  These soils c a n  b e a
sign ific a n t geologic  haza rd in  sem iarid to arid c lim ates.  The c olla pse c a n  oc c ur un der the weight of the soil a lon e
(overb urden  pressure) or un der the a ddition a l loa d of a b uildin g or other struc ture. M ost c ollapse oc c urs through
m ec ha n ic al m ea n s where dry, low-den sity, high-porosity soil b ec om es den ser when  the soil-partic le b in din g a gen ts
weaken  or b reak after wettin g.  The destruc tion  a n d rec om pa c tion  of the soil struc ture at m oister c on dition s c ause
settlem en t of the groun d surfa c e.  Bec ause the in troduc tion  of water b rin gs ab out suc h c ollapse, the term s
“hydroc om pa c tive” an d “hydroc om pressib le” are c om m on ly used to desc rib e c ollapsib le soils.  Other proc esses of
groun d sub siden c e an d c olla pse oc c ur in  c erta in  soil an d b edroc k through (1) suspen sion  an d rem oval of partic les in
dispersive soil b y flowin g water (soil pipin g an d pseudokarst form a tion ) an d (2) ac tual c hem ic al dissolution  of
gypsiferous soils an d sec on dary gypsum  in  M a n c os Shale b edroc k (White an d Green m a n , 2008).

Colla psib le soil form s in  spec ific , geologic a lly rec en t (Holoc en e) sedim en ts that have b een  deposited in  a rid to sem iarid
en viron m en ts.  In  the Whitewater area those deposits a re alluvial m ud flows(Qamf) a n d fin er-grain ed c olluvium s(Qc):
ac c um ulation s of rapidly deposited, un sorted, wa ter-b orn e m ud in  alluvial an d deb ris-flow fan s.  Where soil c ollapse c a n
exist, a n  open  an d in heren tly un stab le skeleta l fa b ric  c ha rac terizes the soil struc ture of these sedim en ts.  The c om m on
fa c tor in  the water-la id sedim en ts is rapid deposition .  In  a gen era lly arid c lim ate, wet sedim en ts quic kly desic c ate (dry
out) in  their origin al c on dition , without the b en efit of further reworkin g to pac k the sedim en t grain s.  Loc a lly,
groun dwa ter levels gen erally n ever rise in to these m a n tles of soil, whic h c a n  rem ain  un saturated un til lan d developm en t.
Durin g an d after developm en t, m oisture c a n  b e in troduc ed to the sub surfa c e soil through field irriga tion , la wn  an d
la n dsc a pin g irrigation , c a pillary ac tion  un der im pervious slab s, leakin g or b roken  wa ter an d sewer lin es, an d altered
surfac e an d sub surfa c e drain age (White a n d Green m a n , 2008).

The ab ove defin ition  sta tes tha t soil c ollapse is a m ec ha n ic al phen om en on  as soil grain s shear again st eac h other,
physic ally m ovin g a n d re-orien tin g in to a den ser c on figuration , whic h results in  a  on e-tim e reduc tion  of soil volum e.
This is an  im porta n t distin c tion  from  expa n sive soils tha t c a n  experien c e repeated c yc les of swellin g an d shrin kin g,
depen din g on  periods of wettin g a n d desic c a tion .

Other proc esses of soil settlem en t an d c olla pse c a n  also presen t prob lem s, a s it does sim ilar terrain  in  the U n c om pahgre
River valley in  M on trose Coun ty (White a n d others, 2011).  Dispersive soils ha ve soil c hem istry high in  sodium -ion
c on c en tration s.  This oc c urs b ec ause m ost of the m ud-type alluvial sedim en ts(Qamf) are derived from  the M a n c os
Shale, whic h c a n  have a  high salt c on ten t.  Other im pac ts of high sa lt c on ten t a n d high total-dissolved-solids c on ten t of
the M a n c os Shale an d soils derived from  it in c lude c orrosiven ess an d salt/selen ium  loadin g of irriga tion  waters.  Soil
dispersion  oc c urs when  c lay partic les defloc c ulate in  the presen c e of water a n d go in to suspen sion .  M ovin g wa ter flushes
the suspen ded c la y an d silt away a n d soil pipes, fissures, an d sm all c avern s c a n  open , gen erally n ear existin g arroyos.
Colla pse of these types of fea tures c a n  form  psuedokarst la n dform s suc h as sin kholes an d groun d fissures.

The dissolution  of gypsum  in  weathered shale b edroc k an d soil c a n  also result in  groun d settlem en t.  Com plex b iogen ic
a n d oxida tion -weatherin g c hem istry results in  the ab un da n t gypsum  frac ture-fillin g ob served in  weathered zon es of the
M a n c os Shale.  Arid-c lim ate soils c a n  also b y gypsiferous.  In  the presen c e of in troduc ed water, gypsum  dissolves, whic h
c a n  result in  void c reation  an d m ic ro-pipin g in  soil an d en largem en t of open in gs in  gypsum -filled fra c tures.  U n der load
a n d in  the presen c e of addition al water, the weathered shale b edroc k c a n  rec om press an d c ause groun d settlem en t.  A c a se
history of this c irc um sta n c e in  rec en t la n d developm en t in  the Whitewater a rea  wa s disc ussed in  White an d Green m a n
(2008).
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This derivative hazard map was created using data from the geologic
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